Introduction 1
Dissolved organic matter (DOM) in the ocean constitutes one of the largest reduced 2 carbon pools in the global carbon cycle (700 PgC; Hedges and Keil, 1995) . 3
Concentrations of dissolved organic carbon (DOC) are usually highest in the surface 4 layer, decrease sharply with depth, and then do not change significantly in the 5 9 the excitation wavelength from 225 to 400 nm. Several post acquisition steps were 1 involved in the correction of EEMs. First, the EEM of Milli-Q water, which was freshly 2 produced and measured every day, was subtracted from the EEM of each sample. Second, 3 fluorescence intensities were corrected to the area under the water Raman peak 4 (excitation = 350 nm), analyzed daily, and then were converted to quinine sulfate unit 5 (QSU) using a calibration with quinine sulfate monohydrate in a solution of 0.05 mol L Both, surface and deep water EEMs also showed a high fluorescence intensity at < 7 260 nm excitation and 400 -500 nm emission, and the fluorescence intensity of this peak 8 was higher in deep waters compared to surface waters (Fig. 2) . This peak corresponds to 9 the humic-like peak A (Coble, 1996) and has been reported to be present from surface to 10 deep waters in the open ocean (Mopper and Schultz, 1993; Coble, 1996) . Low levels of 11 this peak in the surface water compared to deep water were also found in the Sargasso 12 Sea (Mopper and Schutlz, 1993). In addition to peak A, the region at 290-350 nm 13 excitation and 380-400 nm emission presented another peak in both surface and deep 14 waters (Fig. 2) . According to Coble (1996) , this peak corresponds to the marine humic-15 like peak M and/or humic-like peak C. This peak was red-shifted in the deep water 16 compared with that in the surface water (Fig. 2) . Even though only a few studies applied 17
EEMs to deep ocean DOM (Mopper and Schultz, 1993; Coble, 1996) , similar red-shift, 18
i.e., dominance of marine humic-like fluorophore (peak M) in the surface water and the 19 replacement to humic-like fluorophore (peak C) with depth, have been suggested (Coble, 20 1996) . 21 22
PARAFAC components 23
EEMs showed differences in fluorescence characteristics of DOM between the surface 1 and deep waters (Fig. 2) , however, it is hard to evaluate such differences applying the 2 peak picking technique. PARAFAC was, therefore, applied for quantitative evaluation of 3 differences in EEMs. A four component PARAFAC model was validated and selected as 4 most suitable for this dataset (Fig. 3) . Spectral characteristics of components identified in 5 the region studied were similar to those previously found in other aquatic environments 6 (Table 1 ). The selection of the four component model does not mean that the EEMs only 7 contained four different fluorophores, but that these selected four components were the 8 most representative fluorescent groups in this dataset. Vertical profiles of humic-like components 1 (corresponding to a mixture of the 1 traditionally-defined peaks A and C, Table 1 ) and 2 (corresponding to the traditionally-2 defined peak M, Table 1 ) were similar to each other (Fig. 4) . The lowest fluorescence 3 intensity of humic-like components were found in the surface waters, followed by an 4 increase with depth, maximizing at 600~1000 meters, and then showing a slight decrease 5 with depth. In the mesopelagic layer, however, fluorescence intensity gradients for 6 component 1 were greater than those for component 2. Vertical profiles of both humic-7 like components were almost identical to those of fluorescence intensity at 320 nm Ratios of humic-like component 1 to component 2, corresponding to the ratio of the 16 traditionally-defined peak C/peak M (Table 1) , were lowest (1.0~1.2) in the surface 17 waters, increased with depth, and then remained in a relatively narrow range (1.4~1.5) in 18 the bathypelagic layer (Fig. 4) . Vertical characteristics indicated that humic-like 19 components 1 and 2 were present at similar levels in the surface water, but humic-like 20 component 1 was enriched compared to component 2 in the bathypelagic layer. The red-21 shift of the humic-like fluorophores in the deep water compared to the surface water (Fig.  22 2) could be explained by the abovementioned change in ratio, i.e., the change in humic-23 like composition, with depth (Fig. 4) . The shift of peak position from peak C 1 (corresponding to component 1) to peak M (corresponding to component 2) was also 2 observed during photodegdataion but not during biodegradation experiments using 3 coastal waters (Moran et al., 2000) . Thus, the observation of a low ratio for the surface 4 waters in conjunction with the lowest fluorescence intensities of humic-like components 5 suggest that component 1 may be more photo-reactive compared to component 2. The red-shifted humic-like fluorophore (peak C) has been well known to be a 10 terrestrial humic-like fluorophore, i.e., the dominant fluorophore in terrestrial 11 environments (Coble, 1996). However, the linear relationships between AOU and humic-12 like components 1 and 2 in the bathypelagic layer suggest that both component 1 13 Therefore, high levels of pre-formed component 2 in the mesopelagic layer might be the 12 result from terrestrial environments, discharged through the Amur River, and thus adding 13 to the fraction formed during OSIW and NPIW. 14 In general, however, the dominance of component 1 (corresponding to peak C; Table  15 1) compared to component 2 (corresponding to peak M; Table 1) would be expected for  16 terrestrial environments, as mentioned above, but not for deep ocean waters. Such 17 apparent contradiction might be explained by photodegradation of humic-like 18 fluorophores. The higher photo-labile property of component 1 compared to component 2 19 was suggested by vertical profiles of their ratio (Fig. 4) . The blue-shift of peak position 20 was also found for humic-like fluorophores in estuarine DOMs during photodegradation 21 (Moran et al., 2000), implying that peak C is more photo-reactive compared to peak M. 
